Summary.-Three hepatic carcinogens (aflatoxin B1, diethylnitrosamine (DEN) and N-2 -fluorenylacetamide (FAA)) were compared for carcinogenicity, early cell toxicity and parenchymal cell proliferation. The FAA was more potent than DEN in causing loss of hepatic DNA and in increasing the parenchymal cell labelling index. DEN and aflatoxin B1 produced about the same degree of DNA loss and parenchymal cell labelling, but the former was a more potent carcinogen. When carcinogenicity was compared for approximately equal levels of early hepatic cell destruction and proliferation, the 3 chemicals in the present study could be ranked in descending order of potency as DEN, FAA and aflatoxin B1.
pulse-labelling indices (LI) of parenchymal and nonparenchymal cells were determined at various times during the period of carcinogen availability. On a molar basis, aflatoxin B1 was 90 times as carcinogenic as FAA and 24 times as carcinogenic as DEN. However, for about equal magnitudes of hepatic cell proliferation and loss, aflatoxin B1 was the least potent carcinogen. For a given level of carcinogenicity, FAA was more potent than DEN in causing loss of hepatic DNA and in increasing the parenchymal cell labelling index. DEN and aflatoxin B1 produced about the same degree of DNA loss and parenchymal cell labelling, but the former was a more potent carcinogen. When carcinogenicity was compared for approximately equal levels of early hepatic cell destruction and proliferation, the 3 chemicals in the present study could be ranked in descending order of potency as DEN, FAA and aflatoxin B1.
SEVERAL studies have indicated that hepatocarcinogens such as dimethylaminoazobenzene and its derivative, N-2-fluorenylacetamide (FAA), thioacetamide and diethylnitrosamine (DEN) enhance the proliferative activity of hepatic cells in the early stage of carcinogenesis. A high cell proliferation rate has also been reported in the hyperplastic liver nodules which are considered to be possible precursors of hepatic carcinomas (Farber, 1973) .
Most carcinogens are toxic and are capable of killing cells, which in liver may stimulate proliferative regeneration. Previous studies in this laboratory (Albert et al., 1972) showed that 0.03%0 dietary FAA induced a marked hepatic DNA loss, followed by the formation of regenerative and hyperplastic nodules which exhibited a high rate of cell proliferation.
The experiment reported here compared hepatic DNA loss and cell proliferation in precancerous liver to subsequent hepatic carcinoma incidence, for different types of hepatocarcinogens. Of particular interest was the degree of similarity amongst the 3 carcinogens in the comparative potency for inducing tumours and proliferative effects.
MATERIALS AND METHODS
Animals and carcinogens-A total of 252 male albino rats of the Charles River (CD) strain, obtained as weanlings, were used for this experiment. (Munro and Fleck, 1966) and the amount of DNA was estimated on the basis of Burton's reaction (Burton, 1956) . The 3H in the DNA was measured by liquid scintillation counting (Nuclear Chicago, Des Plains, Ill.).
The degree of hepatic cell proliferation was assessed in rats previously unexposed to 3H]TdR by giving single i.p. injections of I 0 ,tCi/g [3H]TdR 1-5 h before killing and determining the labelling index (LI) of hepatocytes autoradiographically. Autoradiographs were prepared as described before (Albert et al., 1972) . LI determinations and counts of labelled parenchymal and nonparenchymal cells were made on each autoradiograph, on 80 consecutive fields of 0 04 mm2, roughly in the centre of sections. The number of parenchymal and nonparenchymal cells was determined on 20 consecutive 0 01-mm2 fields also in the centre of the same sections. Nuclei w ith grain counts >5 were counted as labelled, and the LI was based on the count of 4000-6000 cells for parenchymal cells and about 2000 cells for nonparenchymal cells.
Tumour incidence study.-After carcinogen exposure, 16 rats in each treatment group were kept on control diet to determine the tumour incidence. The rats Mwere examined by autopsy if found dead or killed because of their moribund condition, and the livers were examined histologically. Tumour formation was expressed in terms of the cumulative mortality-corrected incidence by a life-table method (Safflotti et al., 1972 (Rabes, Scholze and Jantsch, 1972; Schauer and Kunze, 1968) . In the present study, however, counts were made of the average LI of the parenchymal cells, since the intention was to compare DNA loss, cell proliferation and tumour induction in the whole liver. Even so, the scattered location of the labelled cells did not suggest heterogeneity of proliferation rate in parenchymal cells, at least for the lower levels of DEN and aflatoxin Bl.
The decline of [H3]TdR-tagged DNA in the liver of rats given 27 tumol/day of FAA suggested that up to 6000 of the hepatic cells could have been lost during the initial 12 weeks of exposure, and the increased LI among parenchymal cells could have been a regenerative reaction to the loss of cells, especially since the total DNA content of the liver remained fairly constant. On the other hand, part of the FAA-induced deficit in hepatic DNA was undoubtedly compensated for by proliferation of bile-duct and oval cells which were found in greater abundance and with higher Lls in livers of FAA-treated rats than in livers of rats exposed to DEN or aflatoxin Bl. MIoreover, the DNA loss in the liver of rats exposed to DEN and aflatoxin B1 was not completely compensated for, since a decline in total DNA was observed which was nearly as great as the decline in the 3H-labelled DNA, at least for the initial 12 weeks of exposure. Thus, compensatory proliferation of parenchymal cells may have been at least partially inhibited during the period of carcinogen availability. An analogous response has been seen with the inhibition by carcinogens of liver regeneration after partial hepatectomy (Laws, 1959) .
The liver carcinogens employed in the present study differed in their relative lethality to hepatic cells and their ability to induce hepatic cancers. It is not known how or whether the early proliferative response of the liver is involved in the carcinogenic action of these chemicals, but a comparison of cell loss and proliferation with carcinogenicity provides a basis for ranking carcinogenicity relative to toxicity. On this basis, the ranking of the 3 chemicals in this study from most potent to least potent would be DEN, FAA and aflatoxin, which dliffers from the ranking based on molar potency.
